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Abstract 
Two experiments examined listeners’ use of contour 
information to drive memory for rhythmic patterns; these 
experiments were distinguished by the use of metric rhythms 
(Experiment 1) and ametric rhythms (Experiment 2). Both 
experiments employed a typical short-term memory task in 
which listeners heard a standard rhythm followed by a 
comparison rhythm. Comparison rhythms could be one of 
three types: an exact repetition of the standard rhythm, a same 
contour rhythm in which the relative durations of successive 
notes were comparable to the standard, and a different contour 
rhythm in which the relative durations of successive notes 
were modified relative to the standard. Analyses of d primes 
for same/different detection revealed that, for both studies, 
listeners performed better when the comparisons had different 
rhythm contours, relative to comparisons with the same 
rhythm contours. These findings converge with results 
investigating melodic contour, and suggest that listeners both 
form and use contours of novel rhythmic patterns. 
KEYWORDS: Rhythm, Contour, Short-term 
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Introduction 
Multiple authors have proposed that contour, along with 
tonality, are fundamental components of musical 
processing (Dowling, 1978; Schmuckler, 2016). These 
factors, to varying degrees, drive online processing of 
musical information, including perceptual organization 
(Bregman, 1990; Krumhansl & Schmuckler, 1986). 
complexity (Eerola et al., 2006; Schmuckler, 1999), 
similarity (Prince, 2014; Schmuckler, 2010), memory 
(Dowling & Fujitani, 1971; Halpern & Bartlett, 2010), 
and performance (Drake & Palmer, 2000; 
Lewandowska & Schmuckler, 2019). Given this wealth 
of evidence, it is clear that both of these components 
play central roles in all aspects of musical behavior. 
One characteristic of tonality and contour is that the 
underlying structure of these components involves the 
organization of pitch information. Thus, work on 
tonality has been driven by investigation of the tonal 
hierarchy (Krumhansl, 1990, 2000; Krumhansl & 
Cuddy, 2010). Work on contour has similarly focused 
on characterizing models of pitch structure (Adams, 
1976; Friedmann, 1985; Marvin & Laprade, 1987; 
Quinn, 1999; Schmuckler, 1999). Other work has 
extended the formal characterizations of tonality (i.e., its 
hierarchical structure) to other musical dimensions, 
such as meter and rhythm (Martin, 1972; Povel & 
Essens, 1985; Povel, 1981, 1984). In contrast, although 
the concept of contour is discussed relative to other 
perceptible dimensions, most notably vision (e.g., 
Koenderink et al., 1997), it has only rarely been 
discussed with reference to other auditory and/or 
musical dimensions (but see Schmuckler & Gilden, 
1993, for one notable exception). 
Given this paucity of previous work, what might be 
an appropriate context for investigating the formation 
and use of contour in the temporal domain? 
Methodologically, it would make sense to employ 
paradigms that have been used successfully to 
investigate perceived contour in other musical domains. 
Within this framework, it is most instructive to look at 
work investigating melodic contour. Specifically, work 
by Dowling and colleagues (e.g., Bartlett & Dowling, 
1980; Dowling, 1978, 1994; Dowling & Bartlett, 1981; 
Dowling & Fujitani, 1971; Dowling et al., 1995; 
Halpern & Bartlett, 2010; Halpern et al., 1998) provides 
some of the most comprehensive and well-known 
research on melodic contour. This work has 
demonstrated that listeners make use of similar contour 
codes for both short- and long-term memory of musical 
melodies, although contour information is more critical 
for short-term melodic representations, and is enhanced 
when the melodies adhere to a coherent tonal framework 
(Dowling et al., 1995). 
In Dowling’s work, melodic contour is coded as a 
series of +’s and –‘s, representing relative pitch 
differences between successive notes; this general form 
of contour coding (as well as its equivalent of 1’s and    
-1’s) has been employed by multiple authors
(Friedmann, 1985; Marvin & Laprade, 1987; Quinn,
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1999). Unfortunately, little work exists on how to 
characterize duration and/or rhythmic contours, with the 
majority of work analyzing rhythm more focused on 
patterns of stress and intonation, as opposed to 
durations, likely due to the emphasis on rhythm and 
prosody in speech and language (e.g., Aiello, 1994; 
Cooper & Meyer, 1960; Lerdahl & Jackendoff, 1983; 
Patel et al., 2006; Thaut, 2008). Cooper and Meyer’s 
(1960) classic text on the rhythmic structure of music, 
for instance, explicitly relates musical rhythmic 
structure to accented and unaccented groupings, using 
terminology drawn from work in prosody. 
Marvin (1991) proposed a characterization of 
rhythmic contours more consistent with the framework 
employed in Dowling’s research. Specifically, Marvin 
suggests encoding rhythm contours “as analogous to 
melodic contours: they represent relative durations in 
much the same way that melodic contours represent 
relative pitch height, without a precise calibration of the 
intervals spanned” (Marvin, 1991, p. 64). 
Based on this framework, one means for 
investigating whether contour plays a role in processing 
the temporal/rhythmic dimension in music thus makes 
use of the classic melodic contour paradigm pioneered 
by Dowling and colleagues (e.g., Dowling, 1984; 
Dowling et al., 2008). Although this research has 
employed a variety of paradigm variants in its 
explorations, one of the most basic procedures involves 
simply presenting an initial standard melody, followed 
(after a short interval) by a subsequent test melody, and 
asking participants if these two melodies were the same 
or different (e.g., Dowling et al., 2008). As shown in 
Figure 1, the relation between the standard and 
comparison melody can take multiple forms, with the 
comparison being an exact pitch transposition of the 
standard melody (Figure 1b), a same contour, but 
different pitch interval version of the standard (Figure 
1c), and a different contour, and hence different pitch 
interval, version of the standard (Figure 1d). Findings 
from multiple studies have revealed listeners’ accuracy 
in determining the relation between standard and 
comparison is driven by contour similarity, with 
listeners correctly discriminating melodies with 
different contours, but failing to discriminate melodies 
with the same contour. Interestingly, these findings hold 
for both tonal (Dowling, 1978) and atonal (Dowling & 
Fujitani, 1971) melodies. The goal of the current study 
was to adapt this general framework for the perception 
of rhythmic contours, both within a metrical context 
(Experiment 1) and without a metrical framework 
(Experiment 2). 
 
Figure 1: Sample melodic contours, adapted from 
Dowling (1994). Figure 1a shows the standard contour, 
separating out pitch interval and direction information. 
Figure 1b shows a comparison contour that is pitch 
transposed having the same pitch interval and direction 
information. Figure 1c shows a comparison contour 
having different pitch interval information, but the same 
pitch direction information. Figure 1d shows a 
comparison contour with different pitch interval and 
direction information. For all melodies, “size” refers to 
the number of semitones between notes, and “direction” 
indicates whether successive tones are higher (+) 




Participants were drawn from the Introductory 
Psychology subject pool at the University of Toronto 
Scarborough; participants were not selected based on 
their prior musical training. Overall, data from 20 
participants in each of Experiments 1 and 2 were 
employed in this study. One additional participant in 
Experiment 1 completed the study, but this participant’s 
data was removed for a failure to appropriately use the 
rating scale. 
 
Experimental Apparatus and Stimuli 
Stimuli for these studies consisted of either 8 note 
(Experiment 1) or 7 note (Experiment 2) rhythms, 
played using a piano sound, on a single tone (F4). For 
the metric stimuli of Experiment 1, the meter was 
 
a. 
Size     5  2    3   1  3     2 
Direction     +  +    -    +  -     - 
 
b. 
Size     5  2    3   1  3     2 
Direction     +  +    -    +  -     - 
 
c. 
Size     2  5    2   2  3     4 
Direction     +  +    -   +  -     - 
 
d. 
Size     1   2    5   3   1     4 
Direction     -   -    +   +   -     - 
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established by sounding 8 beats of a woodblock prior to 
the start of the rhythm, which was spread out over 8 
subsequent beats. For the ametric stimuli of Experiment 
2, no a priori framework was established, and the 
rhythms themselves occurred across variable 
timeframes, depending on the specific duration values 
of their component tones. For the ametric stimuli, the 
lengths of the standard, same, and different contours 
were roughly equivalent. 
For both metric and ametric stimuli, a set of 
standard rhythmic contours were created. These 
standard contours then generated three comparison 
contours; these different comparisons appear in Figure 
2a (metric rhythms) and Figure 2b (ametric rhythms). 
The first comparison rhythm represents an exact 
repetition of the standard rhythm, played at a faster 
overall tempo (150 beats/min) than the standard (120 
beats/min). The second comparison rhythm represents a 
same contour variant of the standard, again played at a 
faster overall tempo (150 beats/min). As seen in Figure 
2, the relative pattern of durations for this rhythm is 
equivalent to the pattern of durations in the standard. 
The third comparison rhythm represents a different 
contour variant of the standard, played at a faster overall 
tempo (150 beats/min), with the relative durations 
displaying a different pattern than the standard. Twenty 
different sets of standard and comparison rhythm 
contours were created for each of the metric and ametric 
experiments.  
All listeners heard 80 trials of randomly ordered 
standard-comparison rhythm contour pairs. These pairs 
consisted of two repetitions of the exact repetition 
comparison, and one repetition each of the same contour 
and different contour comparisons, for each of the 20 
rhythms. The two repetitions of the exact repetition were 
included to balance the number of objective “same” and 
“different” responses. Listeners were instructed to judge 
whether standard and comparison rhythms were exactly 
the same (ignoring the overall tempo). They made these 
judgments using a 1 – 6 scale, with responses 1 – 3 
indicating the rhythms were different at varying levels 
of confidence (1 = very confident; 3 = mildly confident), 
and responses 4 – 6 indicating the rhythms were the 
same at varying levels of confidence (4 = mildly 
confident; 6 = very confident).  
 
Results 
For each listener, the 6-point rating scale was used to 
calculate percent values (i.e., responding 1 – 3 for same 
contour and different contour comparisons, and 4 – 6 for 
the exact repetition contours). These percent values 
were then used to calculate d prime scores separately for 
the same contour and different contour rhythms, using 
the percent correct for these two stimuli as their 
respective hit rate, and 1-percent correct for the exact 




Figure 2: Standard, same, and different contours for the 
metric rhythms of Experiment 1 (a) and ametric rhythms 
of Experiment 2 (b). Increases in relative durations 
between notes are indicated with a “+”, and decreases 
in relative durations are indicated with a “-”. 
 
D prime scores for metric (Experiment 1) and 
ametric (Experiment 2) rhythms were analyzed in one-
way ANOVAs, with the within subjects factor of 
Contour Type (same contour, different contour); d prime 
measures incorporate the hit rate (% correct for exact 
repetitions) into the overall measure. For the metric 
stimuli, this analysis produced a main effect of Contour 
Type, F(1,19) = 5.74, MSE = 0.266, p < .05, np2 = .232. 





      +        -      +     -      +      +            - 
 
   
Same 
Contour 
    +       -        +           -   +    +       - 
 
     
Different 
Contour 
   +      +       -         +         -        +   + 
b. Ametric Rhythms (Experiment 2) 
 
      
Standard 
Contour 
-    -   +      -      +           - 
 
       
Same 
Contour 
     -    -    +          -            +        - 
 
     
Different 
Contour 
 +             -            -      +      -         - 
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Mean values for this analysis appear in Figure 3a. For 
the ametric stimuli, this analysis also revealed a main 
effect of Contour Type, F(1,19) = 18.04, MSE = 0.072, 
p < .001, np2 = .487. Figure 3b shows the mean values 
for this analysis. 
 













Figure 3: D primes (and SEs) for discrimination of 
same, and different contours for the metric rhythms of 
Experiment 1 (a) and ametric rhythms Experiment 2 (b). 
 
Discussion 
Two experiments investigated listeners’ use of contour 
information in short-term memory for rhythmic 
patterns. These studies found that contour similarity led 
to memory confusions, such that listeners were less able 
to discriminate a new rhythmic pattern from an old 
pattern when the two rhythms shared the same pattern 
of relative durations. Thus, these findings suggest that 
listeners are able to form duration contours, and that 
when hearing a rhythm, listeners are encoding the 
relative patterns of durations, as opposed to the actual 
durations of the rhythms. This process, in many ways, is 
comparable to that observed in the processing of 
melodic contour, in which listeners encode the relative 
patterns of pitch changes, as opposed to the exact pattern 
of pitch intervals (Dowling, 1994). 
 Somewhat more surprisingly, these studies found 
little difference in rhythm encoding as a function of 
whether or not the underlying rhythm was set in a metric 
framework. Comparison of Experiments 1 and 2 showed 
that both metric and ametric rhythms produced 
equivalent influences on memory of same versus 
different contours. Although intuitively surprising, this 
finding converges with results from the melodic contour 
literature in which contour information plays a role in 
melodic memory for both tonal (Dowling, 1978) and 
atonal (Dowling & Fujitani, 1971) melodies. Future 
work might profitably explore these results by 
investigating the impact of contour durations on pitch 
and rhythm processing simultaneously, as well as 
looking at factors such as short- versus long-term 
memory, which influences the relative impact of tonal 
and interval information. 
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